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WAVELENGTH PATH SWITCHING NODE APPARATUS AND WAVELENGTH 

PATH ALLOCATION METHOD 

BACKGROUND OF THE INVENTION 

5 Field of the Invention 

The present invention relates to a wavelength path switching node apparatus and 
wavelength path allocation method in an optical communication network (i.e., a 
wavelength division multiplexing (WDM) network) that employs a wavelength division 
multiplexing transmission scheme. 

10 Priority is claimed on Japanese patent application No. 2003-53249, filed 

February 28, 2003, the content of which is incorporated herein by reference. 

Description of Related Art 

Conventional wavelength path switching node apparatuses monitor traffic 
1 5 intended to be output from a plurality of apparatuses (for example, from IP routers) that 
accommodate local nodes to a WDM network, and perform autonomous control so as to 
allocate a wavelength path based on the results of this monitoring (for example, see 
Japanese Unexamined Patent Application, First Publication No. 2001-333045). In the 
WDM network, a pair of wavelength path switching node apparatuses dynamically adds 
20 and cuts wavelength paths of facing intervals thereof without performing signaling. As 
a result, the structure required to perform the signaling can be simplified and an 
improvement in wavelength usage efficiency can be achieved by a statistical 
multiplexing effect. In addition, wavelength paths set over a plurality of intervals are 
dealt with by connecting a pair of wavelength path switching node apparatuses in 
25 tandem. 
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However, in the above described conventional technology, because wavelength 
paths are increased or decreased using traffic formed by a plurality of packets as 
monitoring units, it is not possible to control the allocation of wavelength paths by 
following traffic variations in the packet units. 



SUMMARY OF THE INVENTION 

The present invention was conceived in view of the above circumstances and it 
is an object thereof to provide a wavelength path switching node apparatus and a 
wavelength path allocation method that allow an improvement in the utilization 
10 efficiency of wavelength resources to be achieved by controlling the allocation of 
wavelength paths by following traffic variations in the packet units. 

In order to achieve the above objects, the wavelength path switching node 
apparatus according to a first aspect of the present invention is a wavelength path 
switching node apparatus that is used in an optical communication network that performs 
1 5 multiplex transmissions by allocating a plurality of traffic items to a plurality of 
wavelength paths using a wavelength division multiplexing transmission scheme, 
comprising: a buffer that stores packets of input traffic; a packet transmission control 
section that fetches packets from the buffer, and, with top priority given to a semifixed 
initial path, distributes the packets to the initial path and to dynamically allocated 
20 additional paths; a control section that controls allocations of the additional paths based 
on distribution states of packet units in the packet transmission control section; and a 
wavelength path switching section that switches wavelength paths in accordance with the 
allocation control of the additional paths. 

The wavelength path switching node apparatus according to a second aspect of 
25 the present invention is a wavelength path switching node apparatus that is used in an 
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optical communication network that performs multiplex transmissions by allocating a 
plurality of traffic items to a plurality of wavelength paths using a wavelength division 
multiplexing transmission scheme, comprising: a monitoring section that monitors 
packets of input traffic that are distributed, with top priority given to a semifixed initial 
5 path, to the initial path and to dynamically allocated additional paths; a control section 
that controls allocations of the additional paths based on distribution states of packet 
units obtained by the monitoring; and a wavelength path switching section that switches 
wavelength paths in accordance with the allocation control of the additional paths. 

The wavelength path switching node apparatus according to a third aspect of the 
10 present invention is a wavelength path switching node apparatus that is used in an optical 
communication network that performs multiplex transmissions by allocating a plurality 
of traffic items to a plurality of wavelength paths using a wavelength division 
multiplexing transmission scheme, comprising: a monitoring section that monitors 
packets of input traffic that are distributed, with top priority given to a semifixed initial 
1 5 path, to the initial path and to dynamically allocated additional paths; a first control 
section that controls allocations of the additional paths based on distribution states of 
packet units obtained by the monitoring; a first wavelength path switching section that 
switches wavelength paths in accordance with the allocation control of the additional 
paths by the first control section; a buffer that stores packets of the input traffic; a packet 
20 transmission control section that fetches packets from the buffer, and, with top priority 
given to the initial path, distributes the packets to the initial path and to the additional 
paths; a second control section that controls allocations of the additional paths based on 
distribution states of packet units in the packet transmission control section; and a second 
wavelength path switching device that switches wavelength paths in accordance with the 
allocation control of the additional paths by the second control section. 
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In the above described wavelength path switching node apparatuses, it is also 
possible for the packet transmission control section to distribute packets to the additional 
paths in accordance with a predetermined order of priority. 

In the above described wavelength path switching node apparatuses, it is also 
5 possible for the control unit to allocate at least one reserve additional path when packets 
are being distributed. 

The wavelength path allocation method according to a first aspect of the present 
invention is a wavelength path allocation method for a wavelength path switching node 
apparatus that is used in an optical communication network that performs multiplex 
10 transmissions by allocating a plurality of traffic items to a plurality of wavelength paths 
using a wavelength division multiplexing transmission scheme, comprising: a step in 
which packets of input traffic are stored in a buffer; a packet distributing step in which 
packets are fetched from the buffer, and, with top priority given to a semifixed initial path, 
the packets are distributed to the initial path and to dynamically allocated additional 
1 5 paths; and a step in which allocations of the additional paths are controlled based on 
distribution states of packet units in the packet distributing step. 

The wavelength path allocation method according to a second aspect of the 
present invention is a wavelength path allocation method for a wavelength path switching 
node apparatus that is used in an optical communication network that performs multiplex 
20 transmissions by allocating a plurality of traffic items to a plurality of wavelength paths 
using a wavelength division multiplexing transmission scheme, comprising: a step in 
which packets of input traffic that are distributed, with top priority given to a semifixed 
initial path, to the initial path and to dynamically allocated additional paths are 
monitored; and a step in which allocations of the additional paths are controlled based on 
25 distribution states of packet units obtained by the monitoring. 
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The wavelength path allocation method according to a third aspect of the present 
invention is a wavelength path allocation method for a wavelength path switching node 
apparatus that is used in an optical communication network that performs multiplex 
transmissions by allocating a plurality of traffic items to a plurality of wavelength paths 
5 using a wavelength division multiplexing transmission scheme, comprising: a step in 
which packets of input traffic that are distributed, with top priority given to a semifixed 
initial path, to the initial path and to dynamically allocated additional paths are 
monitored; a first control step in which allocations of the additional paths in a first 
wavelength path switching section are controlled based on distribution states of packet 
1 0 units obtained by the monitoring; a step in which packets of input traffic are stored in a 
buffer; a packet distributing step in which packets are fetched from the buffer, and, with 
top priority given to the initial path, the packets are distributed to the initial path and to 
the additional paths; and a second control step in which allocations of the additional 
paths in a second wavelength path switching section are controlled based on distribution 
1 5 states of packet units in the packet distributing step. 

In the above wavelength path allocation methods, in the packet distributing step, 
it is also possible for the packets to be distributed to the additional paths in accordance 
with a predetermined order of priority. 

In the above wavelength path allocation methods, in the control step, it is also 
20 possible for at least one reserve additional path to be allocated when packets are being 
distributed. 

According to the present invention, because allocations of additional paths are 
controlled based on distribution states of packet units distributed to the initial path and to 
the additional paths, the allocation of wavelength paths can be controlled to follow to 
25 traffic variations in packet unit. As a result, an improvement in the utilization efficiency 
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of wavelength resources can be achieved. 



BRIEF DESCRIPTION THE DRAWINGS 

FIG. 1 is a block diagram showing an outline of a structural example of a WDM 
5 network provided with wavelength path switching node apparatuses 2a and 2b according 
to an embodiment of the present invention. 

FIG. 2 is a block diagram showing the structure of a packet distributing section 

11 . 

FIG. 3 is a block diagram showing the structure of a monitoring section 21. 

10 FIG. 4 is a block diagram showing the structure of a relay node apparatus 50 

according to an embodiment of the present invention. 

FIG. 5 is a block diagram showing the structure of a packet distributing section 
1 1 according to another embodiment. 

1 5 DETAILED DESCRIPTION OF THE INVENTION 

Embodiments of the present invention will now be described with reference 
made to the drawings. 

FIG. 1 is a block diagram showing an outline of a structural example of a WDM 
network provided with wavelength path switching node apparatuses 2a and 2b according 

20 to an embodiment of the present invention. This WDM network has a point-to-point 

connection structure. In the WDM network shown in FIG. 1, traffic flows in a direction 
moving from the wavelength path switching node apparatus (referred to below simply as 
“node apparatus”) 2a on the wavelength path start point side towards the node apparatus 
2b on the wavelength path end point side. 

25 The structure and operation of the entire WDM network shown in FIG. 1 will 
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now be described. 

In FIG. 1 , the node apparatus 2a is connected with a plurality of IP routers 
(referred to below simply as “routers”) by respective optical fiber cables. The node 
apparatus 2a is connected to an optical cross connector (OXC) 3 a that establishes a 
5 semifixed wavelength path by optical fiber cables. The OXC 3a is connected with an 
opposing OXC 3b by optical fiber cable. The node apparatus 2b is connected to the 
OXC 3b by optical fiber cable, and is also connected to a plurality of routers 1 by 
respective optical fiber cables. 

The node apparatus 2a allocates input traffic input from each router 1 to a 
10 plurality of wavelength paths, and outputs this traffic to the OXC 3a. The OXC 3a 
multiplexes the input traffic of each wavelength path and send it to the OXC 3b. The 
OXC 3b demultiplexes the traffic of each wavelength path received from the OXC 3a 
and outputs it to the node apparatus 2b. The node apparatus 2b outputs the input traffic 
of the plurality of wavelength paths to a corresponding router 1 . 

15 Next, the structure and operation of the node apparatus 2a will be described. 

In FIG. 1, the node apparatus 2a is provided with packet distributing sections 11, 
an optical switch 12 (i.e., a wavelength path switching device) and a control unit 13. A 
packet distributing section 1 1 is provided for each router 1 . The packet distributing 
sections 1 1 distributes packets of traffic input from the corresponding router 1 to an 
20 initial path, which is a semifixed wavelength path, and additional paths, which are 

wavelength paths for dynamic allocation. The packets distributed to the initial path are 
output to an input port for the initial path of the optical switch 12. The packets 
distributed to the additional paths are output to input ports for additional paths of the 
optical switch 12. 

25 The optical switch 1 2 switches wavelength paths in accordance with wavelength 
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path switching settings from the control unit 1 3. Input packets of the input port for the 
initial path are output to an output port for the initial path that is initially set. The 
connection relationship between the input port for the initial path and the output port for 
the initial path is semifixedly set. Input packets of input ports for additional paths are 
5 output to output ports for additional paths that are set as is appropriate to the 

circumstances. The connection relationships between the input ports for additional 
paths and the output ports for additional paths are dynamically set. In each output port 
conversion into a predetermined wavelength is performed. Outputs from each output 
port are connected to the OXC 3 a. 

10 The control unit 13 receives packet distribution signals that show distribution 

states of packet units to the initial path and additional paths from each packet distributing 
section 1 1 . The control unit 1 3 ascertains the distribution state of packet units 
distributed to the initial path and additional paths from these packet distribution signals. 
The allocation of additional paths is controlled based on the ascertained distribution 
1 5 states of the packet units. As a result, the establishment and release of additional paths 

between the node 2a and the downstream node 2b is performed autonomously. 

FIG. 2 is a block diagram showing the structure of the packet distributing 
section 11. In FIG. 2, the packet distributing section 1 1 is provided with an 
optical/electrical converter (O/E) 3 1, a buffer 32, a packet transmission control unit 33, 

20 and electrical/optical converters (E/O) 34. An E/O 34 is provided to correspond to each 
initial path and additional path. The optical output of the E/O 34 for the initial path is 
connected to the initial path input port of the optical switch 12. Optical outputs of the 
E/O 34 for each additional path are connected respectively to the corresponding 
additional path input port of the optical switch 12. 

25 The O/E 3 1 converts packets of input traffic input from a router 1 which are 




9 

optical signals into electrical signals, and outputs them to the buffer 32. The buffer 32 
stores input packets. 

The packet transmission control unit 33 acquires packets from the buffer 32 and 
outputs them to the initial path E/O 34 or to the additional path E/O 34. Here, the 
5 packet transmission control unit 33 outputs packet distribution signals to the control unit 
13. Each E/O 34 converts input packets which are electrical signals into optical signals, 
and outputs these to each input port connected to the optical switch 12. 

Next, a packet distributing operation of the packet transmission control unit 33 
and an additional path allocation operation of the control unit 13 will be described. 

1 0 When distributing packets to the initial path and additional paths, the packet transmission 
control unit 33 gives top priority to distributing packets to the initial path. The packet 
transmission control section 33 also distributes packets to additional paths in a 
predetermined order of priority. This order of priority of the additional paths is also 

preset in the control unit 13. 

15 When a packet is distributed, the control unit 1 3 allocates at least one reserve 

additional path to input traffic from the relevant router 1 . 

Firstly, the packet transmission control unit 33 acquires the first packet from the 
buffer 32, and outputs it to the initial path E/O 34. Here, the packet transmission 
control unit 33 notifies the control unit 13 that a packet is being distributed to the initial 
20 path using a packet distribution signal. As a result of this notification, the control unit 
13 allocates the first additional path in the order of priority as a reserve path. 

Next, while the packet is being output to the initial path E/O 34, if a packet is 
still remaining inside the buffer 32, the packet transmission control unit 33 fetches the 
packet from the buffer 32 and outputs it to the additional path E/O 34 that is first in the 
25 order of priority. Here, the packet transmission control unit 33 notifies the control unit 
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1 3 that packets are being distributed to the initial path and to one additional path using a 
packet distribution signal. As a result of this notification, the control unit 13 allocates 
the second additional path in the order of priority as a reserve additional path. 

Next, while packets are being output to the initial path E/O 34 and the additional 
5 path E/O 34 that is first in the order of priority, if a packet still remains in the buffer 32, 
the packet transmission control unit 33 fetches the packet from the buffer 32 and outputs 
it to the additional path E/O 34 that is second in the order of priority. Here, the packet 
transmission control unit 33 notifies the control unit 13 that packets are being distributed 
to the initial path and to two additional paths using a packet distribution signal. As a 
10 result of this notification, the control unit 13 allocates the third additional path in the 
order of priority as a reserve additional path. Thereafter, in the same manner, when 
packets are being distributed to the initial path and to all additional paths that have 
already been allocated apart from the reserve additional path, and also when a new packet 
is being transmitted, the reserve additional path is used. In addition, the next additional 
1 5 path in the order of priority is allocated as the reserve additional path. 

When the output of a packet to the initial path E/O 34 has ended, if a packet 
remains in the buffer 32, that packet is output to the initial path E/O 34 and the initial 
path is used. While the initial path is in use, if a packet remains in the buffer 32 then 
sequential additional paths are used in accordance with the order of priority. 

20 Using the above-described packet distributing method, the initial path is always 

used when a packet is transmitted. Furthermore, additional paths are used in sequence 
starting from the additional path having the highest order of priority, without any 
additional path being skipped. As a result, the utilization efficiency of the wavelength 
paths is improved considerably. 

25 Note that when it is not possible to allocate a new additional path the control 
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unit 1 3 outputs an additional path restriction signal to the packet distributing section 1 1 . 
When it receives an additional path restriction signal the packet transmission control unit 
33 performs subsequent packet transmissions using only paths that are already in use. 

Moreover, when the additional path having the lowest order of priority from 
5 among the additional paths that have been allocated is not being used, then if the 

additional path that is one rank higher in the order of priority is also not being used, the 
control unit 1 3 releases the additional path having the lowest order of priority. The 
determination that a packet is not being used is made by determining that the packet has 
not been continuously distributed to the relevant path over a period equal to or greater 
1 0 than the minimum time interval over which packets are continuously transmitted. 

Next, the structure and operation of the node apparatus 2b will be described. 

In FIG. 1, the node apparatus 2b is provided with monitoring sections 21, an 
optical switch 22 (i.e., a wavelength path switching device) and a control unit 23. A 
monitoring section 2 1 is provided for each router 1 . 

1 5 The optical switch 22 switches wavelength paths in accordance with wavelength 

path switching settings from the control unit 23. Traffic of each wavelength path from 
the OXC 3b is demultiplexed and input into the optical switch 22. Initial path packets 
are input into a predetermined initial path input port. Additional path packets are input 
into predetermined additional path input ports. Input packets of the initial path input 
20 port are output to an initial path output port that is initially set as being for the use of a 

destination router 1 . The connection relationship between this initial path input port and 
the initial path output port is semifixedly set. Input packets of additional path input 
ports are output to additional path output ports that are appropriately set as being for the 
use of destination router 1 . The connection relationships between the additional path 
25 input ports and the additional path output ports are dynamically set. In each output port 
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conversion into a predetermined wavelength is performed. Outputs from each output 
port are connected to the corresponding monitoring section 2 1 . 

Packets of traffic that are intended to be transmitted to the corresponding router 
1 are distributed to the initial path and the additional paths, and they are input into the 
5 monitoring sections 21 . The monitoring sections 21 monitor the packets of each 
wavelength path. These packets of each wavelength are output to the corresponding 
router 1 via the monitoring sections 2 1 . 

The control unit 23 receives packet distribution signals from the respective 
monitoring sections 2 1 that show distribution states of packet units to the initial path and 
10 additional paths. The control unit 23 ascertains the distribution state of packet units 
distributed to the initial path and additional paths from these packet distribution signals. 
The allocation of additional paths is controlled based on the ascertained distribution 
states of the packet units. 

FIG. 3 is a block diagram showing the structure of a monitoring section 21 . In 
15 FIG. 3, the monitoring section 21 is provided with packet detection sections 41, a 

monitoring notification section 42, and a multiplexing section 43. A packet detection 
section 41 is provided to correspond to the initial path and to each additional path. An 
optical input of the initial path packet detection section 41 is connected to an initial path 
output port of the optical switch 22. An optical input of each additional path packet 
20 detection section 4 1 is connected to the corresponding additional path output port of the 
optical switch 22. 

The packet detection sections 41 observe input optical signals and determine 
whether or not a packet has been input. When it is detected that a packet has been input, 
the relevant packet detection section 41 notifies the monitoring notification section 42. 

25 As a result of the packet input notification from the relevant packet detection section 41 , 
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the monitoring notification section 42 then creates a packet distribution signal and 
outputs it to the control unit 23. 

Packets of each wavelength path are input into the multiplexing section 43 via 
the respective monitoring section 41. The multiplexing section 43 multiplexes optical 
5 signals of the input packets and outputs them to the corresponding router 1 . 

The control unit 23, in the same way as the above described control unit 13, 
allocates additional paths based on packet distribution signals from the respective 
monitoring sections 21 . Asa result, the establishment and release of additional paths 
between the node 2b and the upstream node 2a is performed autonomously. 

10 Note that in the above described embodiment it is also possible to employ a 

structure in which the packet distributing sections 1 1 are placed on the corresponding 
router 1 side. In the same way, the monitoring sections 21 may also be placed on the 
corresponding router 1 side. 

Next, a description will be given of a relay node apparatus serving as a 
1 5 wavelength path switching node apparatus according to another embodiment of the 
present invention. FIG. 4 is a block diagram showing the structure of a relay node 
apparatus 50 according to an embodiment of the present invention. In FIG. 4, portions 
that correspond to portions in FIG. 1 are given the same reference symbol and a 
description thereof is omitted. 

20 The relay node apparatus 50 shown in FIG. 4 forms a WDM network by 

connecting relays nodes in tandem, and establishes wavelength paths over a plurality of 
intervals. In FIG. 4, the relay node apparatus 50 is provided with an optical switch 51a 
(i.e., a first wavelength path switching device), an optical switch 51b (i.e., a second 
wavelength path switching device), a control unit 23 for the optical switch 51a (i.e., a 
25 first control unit), a control unit 13 for the optical switch 51b (i.e., a second control unit). 
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monitoring sections 21 , and packet distributing sections 1 1 . The monitoring sections 21 
and the packet distributing sections 1 1 are provided in pairs. 

Packets distributed from the OXC to each additional path are input into the 
optical switch 51a on the input side. The optical switch 51a performs wavelength path 
5 switching in accordance with wavelength path switching settings from the control unit 23, 
and outputs the input packets of each additional path to the monitoring section 2 1 that 
corresponds to the respective additional path. 

Additional path packets are input from the optical switch 51a into the 
monitoring sections 2 1 , while initial path packets are input from the OXC into the 
1 0 monitoring sections 2 1 . The monitoring sections 2 1 respectively monitor the initial 

path and additional path input packets and create packet distribution signals that are 
output to the control unit 23. The control unit 23 allocates additional paths based on the 
packet distribution signals from the respective monitoring sections 21 . As a result, the 
establishment and release of additional paths with the upstream node apparatus is 
1 5 performed autonomously. 

Packets input into the monitoring sections 21 are output to the corresponding 
packet distributing section 1 1 . Additional path packets from the monitoring section 21 
are input into the packet distributing sections 11, while initial path packets from the OXC 
are also input into the packet distributing sections 1 1 . The packet distributing sections 
20 11 distribute input packets to an initial path and to additional paths, and also output 

packet distribution signals to the control unit 13. The packet distributing sections 1 1 
also forbid the allocation of new additional paths in response to an additional path 
restriction signal from the control unit 13. 

The control unit 13 allocates additional paths based on the packet distributing 
25 signals from the respective packet distributing sections 11. Asa result, the 
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establishment and release of additional paths with the downstream node apparatus is 
performed autonomously. 

Packets distributed to the initial path by the packet distributing section 1 1 are 
output from the packet distributing section 1 1 to the OXC. On the other hand, packets 
5 distributed to additional paths are output from the packet distributing sections 1 1 to the 
optical switch 51b. The optical switch 51b switches wavelength paths in accordance 
with wavelength path switching settings from the control unit 13, and outputs packets 
input into each additional path to the OXC that corresponds to each additional path. 

As described above, according to an embodiment of the present invention, 

1 0 because allocations of additional paths are controlled based on distribution states of 

packet units distributed to the initial path and to the additional paths, the allocation of 
wavelength paths can be controlled to follow to traffic variations in packet units. As a 
result, an improvement in the utilization efficiency of wavelength resources can be 
achieved. 

15 In addition, because additional paths are distributed in accordance with a 

predetermined order of priority, the utilization efficiency of the additional paths is 
improved. 

Moreover, because at least one reserve additional path is allocated when a 
packet is distributed, the stability of the packet distribution is improved. 

20 Note that in the above described embodiment, input optical signals are converted 

into electrical signals and packet buffering and distribution is carried out in the packet 
distributing sections 1 1 ; however, it is also possible to carry out the processing with the 
optical signals remaining as optical signals. FIG. 5 shows the block structure of a 
packet distributing section 1 1 that carries out the buffering and distribution of optical 
25 input packets as they are. In FIG. 5, a buffer 32a is an optical buffer that stores optical 
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input packets. A packet transmission control section 33a fetches packets from the 
buffer 32a and distributes them to the initial path and to additional paths. As a result, 
optical input packets from the router 1 are output still as optical signals to the input port 
of the optical switch 1 2 that corresponds to the wavelength path of the destination of the 
5 distribution. According to the embodiment shown in FIG. 5, because there is no 

conversion loss caused by an optical/electrical conversion, the efficiency of the optical 
switching is improved. 

While preferred embodiments of the invention have been described and 
illustrated above, it should be understood that these are exemplary of the invention and 
10 are not to be considered as limiting. Additions, omissions, substitutions, and other 
modifications can be made without departing from the spirit or scope of the present 
invention. Accordingly, the invention is not to be considered as limited by the 
foregoing description and is only limited by the scope of the appended claims. 
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